Seismic waves from some shallow earthquakes in and near Japan are characterized by appreciable lack of high-frequency components.
from the amplitudes recorded by medium-period seismometers is only 6.8 (UTSU, 1979a) , whereas ABE (1979) gives a magnitude of 8.6 from the size of the tsunami. KANAMORI (1972) investigated this earthquake and concluded that the fault motion responsible for this event was unusually slow. The slow faulting is the main reason for the lack of high-frequency waves, and large-scale deformation of the deep-sea bottom caused the great tsunami. KANAMORI (1972) called this type of earthquake "tsunami earthquake". Examples of tsunami earthquakes near Japan are the Shikotan-oki earthquake of June 10, 1975 , the southern Kurile Islands earthquake of October 20, 1963 , the Shakotan-hanto-oki earthquake of August 1, 1940 , and the Miyakojima-oki earthquake of June 10, 1938. The last two events occurred beneath marginal seas, not near trenches. FUKAO (1979) discussed the cause of tsunami earthquakes along the inner margin of trenches. He considered that the first two examples quoted above were generated in the wedge portion of the continental lithosphere as aftershocks of preceding great earthquakes at the plate boundary. Large vertical deformation due to faulting along a steep rupture surface in the wedge portion of low rigidity enhances the generation of tsunami. FUKAO and KANJO (1980) examined many short-period vertical seismograms of shallow earthquakes occurring off the Pacific coast of northeastern Japan recorded at Tsukuba and Dodaira stations in central Japan. They found that almost all low-frequency earthquakes occur in a belt of 50-80km in width just landward of the Japan trench axis.
Low-frequency nature of earthquakes occurring near the inner margin of the Japan and Kurile trenches has also been shown by TAKEMURA et al. (1980) . They used the average period Tc of maximum waves on records of medium-period seismographs of the Japan Meteorological Agency (JMA) network. Earthquakes having comparatively large Tc are found off the southern Kurile Islands, off the Sanriku coast, off the Boso Peninsula, etc. NOGUCHI (1979) estimated stress drops of many shallow earthquakes in the southern Kurile Islands region by comparing the surface wave magnitude Ms with the body wave magnitude mb. The stress drops show a clear tendency to increase landward with the distance from the trench axis. WATANABE (1974) defined the s-value of near-by shallow earthquakes from the period of maximum waves recorded by a displacement seismograph. A positive s-value means that the period is longer than the one expected from a standard magnitude-period relation. Therefore, earthquakes having large positive s-values may correspond to low-frequency earthquakes. The s-values for earthquakes in Kinki district (a district in western Japan including Kyoto-Osaka area) show a distinct spatial distribution. The s-values also show temporal variations during some aftershock sequences. YAMAGUCHI et al. (1978) also studied the spatial distribution of s-values for shallow earthquakes in and near the Kanto district, Japan. UTSU (1979a) , in the course of his redetermination of hypocenters and magnitudes of Japanese earthquakes for the period from 1885 through 1925 , found many earthquakes whose felt areas were too small for their instrumental magnitudes. It is very likely that seismic waves from these earthquakes are deficient in high-frequency components. In some cases, the lack of high-frequency waves can be attributed to attenuation during the transmission through a low-Q zone in the crust or upper mantle. However, the source effects are primarily responsible for this in many cases, because normal (high-frequency) earthquakes are found very close to the foci of low-frequency earthquakes. MIYAMURA (1978) 
Examples
In this section, several pairs of isoseismal maps of normal and low-frequency earthquakes originating in nearly the same places are demonstrated. All isoseismal maps are based on the JMA intensity scale. Filled and open circles in the maps indicate the JMA stations where the shock was felt and unfelt by the staff, respectively. Half-filled circles indicate the stations where the shock was not felt by the staff but it was felt by some people living in the same city. Magnitude values denoted by M are estimated from Tsuboi's formula (TSUBOI, 1954) using maximum horizontal amplitudes recorded by medium-period seismographs.
The maximum range of perceptibility is denoted by R. It is the epicentral distance to the most distant station in the felt area (hatched area in the isoseismal map). In some cases, some singular stations outside of the felt areas have reported felt intensities. These detached stations however, are ignored in the determination of R-values. aftershock regions or the focal regions of the earthquakes indicated by squares. Although the earthquake of June 13, 1943 has a magnitude 7.1 (or 7.4 according to GUTENBERG and RICHTER, 1954) , it is included in the figure because it is used to divide the interval into (5) and (6). The focal regions shown by solid lines in Fig. 13 (2)-(9) represent the focal regions of the earthquakes which occurred in the respective periods (at the beginning of the period in most cases). The dotted areas represent the focal regions of major earthquakes which occurred during the following period. (2)- (9) for southwestern Japan. Since the density of epicenters is lower for this region, the 76-year interval has been divided into three periods. The first and the second periods have a length of about 20 years, but the last period is about 35 years long. The division corresponds to the dates of two major earthquakes.
It is readily seen from Fig. 13 and 14 that the pattern of distribution of N, L, and VL events changes with time in a somewhat complicated manner. Seismic gaps and foreshock and aftershock activities in a broader sense can be recognized in connection with the occurrence of some major earthquakes. By examining region of a major interplate earthquake during a period of several to more than ten years just prior to the occurrence of a major earthquake are normal events.
(2) Most of the major interplate earthquakes are normal events, but some are low-frequency events. A good example of the normal or high-frequency nature of forerunning earthquakes of major interplate earthquakes is seen in the case of the Kanto earthquake of September 1, 1923 (M=7.9, R=754km), which is marginally a normal event.
was fairly high within and northeast of the focal region (Figs. 13 (2)- (3)). These were all N events. However, many L and VL events occurred in and around the focal region after the main shock ( Fig. 13 (4) ). A typical low-frequency aftershock occurred at 02h 46m, September 2, 1923 (see Table 3 ).
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An exception to the high-frequency nature of forerunning earthquakes is found in the case of Boso-oki earthquake of March 13 , 1909 (M=7.5, R= 1,043km). The main shock was a normal event, but it was preceded by an L event (M=6.2, R=229km) about 15 hours previous to the main event . There was also a VL event in 1906 not far from the 1909 events, though the accuracy of hypocenter location is very low for these events. Moreover , it is not certain that the 1909 events took place at the plate boundary. The Sanriku-oki earthquake of March 2, 1933 (M=8.3, R=872km) was the greatest event in the 76-year interval. This was caused by a normal faulting within the Pacific plate (KANAMORI, 1971 ). An L event (M=6.3, R=277km) had occurred on March 21, 1929 within or close to the focal region of the 1933 earthquake.
The high-frequency nature of forerunning earthquakes, though there may be a few exceptions, seems to be useful for the long-term prediction of major earthquakes along the plate boundary. For the part of seismic zone along the several years, the probability of the occurrence of a major interplate earthquake is, at the present moment, supposed to be low. On the other hand, if only N events have been generated in the recent several years in the segment of seismic zone along the plate boundary where L or VL events were found before, attention should be paid to the probable occurrence of a major earthquake in the near future unless there are some reasons to the contrary. This criterion, like other criteria for predicting earthquakes, is not absolutely reliable, because there may be exceptions. However, it is worth considering, since the proportion of L and VL events may indicate some physical conditions of the source region, such as the state of stress, nature of the fault surface, etc.
In the last 20 years, the proportion of L and VL events have been relatively low in northeastern Japan (Figs. 13 (8)-(9) ). The reason is not clear, but we have no certain evidence for attributing this to the change in observational conditions. Some off-shore regions in eastern Japan have been suggested as possible sites of major earthquakes in the not-too-far-off future (e.g. SAMC, 1976; MOGI, 1979; SENO, 1979; UTSU, 1979b) . These include Miyagiken-oki [east of region G in Fig. 13 (1) including part of region F], Fukushimaken-oki (region H and south of it), and Boso-oki (gap between regions I and J). During the last ten years or more, seismic activities in these regions have been relatively low and most earthdifficult, however, to tell whether major earthquakes are imminent in these regions from the present information alone.
Discussion
The results presented in previous sections indicate that classification of shallow earthquakes into normal and low-frequency events is effective in seismicity studies and long-term prediction of great earthquakes. To classify earthquakes occurring in a relatively large area during a long interval of time, as is the case of this study, the frequency analysis of seismograms obtained at only a limited number of stations does not seem to be a practical method, since it is fairly difficult to correct for differences in propagation paths, ground conditions, instrumental responses, etc. Use of intensity distributions, however, provides a unique method of classifying earthquakes on a uniform basis. The frequency contents of seismic waves are affected by attenuation during their transmission. The regional difference in attenuation modifies the intensity distribution pattern. This effect is most prominent in the case of deep earthquakes (e.g. UTSU, 1966), but it is also recognized in the case of some shallow earthquakes. The relatively frequent occurrence of L and VL events in the crust on the marginal sea side as mentioned before (Fig. 12) is generally attributable to the low-Q nature of the uppermost mantle, namely, the thin high-Q lithosphere (e.g. UTSU, 1971; YOSHII, 1979) . Of course the source effects also exist for these earthquakes as demonstrated in Fin. 9 for example. 500km, seem to be more strongly influenced by the Q-structure of the uppermost part of the mantle. For the crustal earthquakes on the marginal sea side, the seismic intensity seems to attenuate more rapidly beyond about 400km. As a matter of fact, the 1927 Tango, 1943 Tottori, 1948 Fukui, and 1964 Niigata earthquakes (M between 7.3 and 7.5) are all low-frequency events. However, detailed source studies (e.g. KANAMORI, 1973) indicate that rise times of the fault dislocation are normal for these earthquakes. Therefore, the slowness of the fault motion is not the reason for the low-frequency nature of these earthquakes and probably many other earthquakes of similar type. The Niigata earthquake, which is a VL event, has an especially small R-value for its magnitude as shown in Fig. 15 . In this figure comparison is made with a typical high-frequency event of the same size, the Miyagiken-oki earthquake of 1978. It seems difficult to attribute some of the abnormally small R-values to attenuation alone. Some 
